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accept the verdict of Dean Church, that ‘‘the course 
which he marked out so laboriousiy and so ingeniously 
for induction to follow was one which was found to be 
impracticable, and as barren of results as those deductive 
philosophies on which he lavished his scorn.” This 
remark may be approximately true of the method of 
rejections or exclusions, which proceeds on the false 
assumption that the whole complex system of the material 
universe may be resolved into a small and definite number 
of “ simple natures,” just as the numerous words which 
constitute a language may all be resolved into the few 
and assignable letters of an alphabet ; but it is most 
emphatically not true of the methods which are subsidiary 
to the method of exclusions, such as the “ Tables” and 
“ Prerogatives of Instances.” The subsidiary methods 
have, happily, a value of their own quite independently 
of the main object which they were supposed to subserve. 
Nor, as it seems to us, can it be doubted that these 
methods have been actually fertile in the progress of 
scientific discovery. Not, perhaps, that the greatest 
discoverers have ofcen consciously, deliberately, and 
designedly set to work to employ them ; but methods 
and principles of this kind, when once enunciated and 
realized, are, as it were, “in the air,” and their influence 
is often no less potent because it is one of which men are 
only dimly conscious. 

The process of fault-finding, especially as applied to a 
book which we have read with interest and pleasure, is 
not one which we would gladly prolong ; but, to prevent a 
very grave misconception of Bacon’s philosophical posi¬ 
tion, we feel it incumbent on us to point out a serious 
error into which Dean Church has been led by too im¬ 
plicit confidence in the authority of Mr. Ellis. “ Bacon’s 
conception of philosophy,” we are told, “ was so narrow 
as to exclude one of its greatest domains ; for, says Mr. 
Ellis, ‘it cannot be denied that to Bacon all sound philo¬ 
sophy seemed to be included in what we now call the 
natural sciences.’” By “sound philosophy” is meant, it 
may be presumed, philosophy based on experience, and 
arrived at by the inductive method. In “Nov. Or g.,” 
Book I., Aph. 127, we have the question as to the range 
of the sciences to which the new method is applicable 
definitely propounded and definitely answered, “ Etiam 
dubitabit quispiam potius quam objiciet, utrum nos de 
Naturali tantum Philosophia, an etiam de scientiis 
reliquis, Logicis, Ethicis, Politicis, secundum viam 
nostram perficiendis loquamur. At nos certe de universis 
hsec quae dicta sunt intelligimus : atque quemadmodum 
vulgaris logica, quae regit res per syllogismum, non tantum 
ad naturales, sed ad omnes scientias pertinct ; ita ■et 
nostra, quae procedit per inductionem, omnia complecti- 
tur.” There are many other passages in the “Novum 
Organum,” the “ De Augmentis,” and elsewhere, to the 
same effect. Indeed, it appears to us unquestionable 
that Bacon, while he regarded his method as primarily, 
and, perhaps, most easily, applicable to the natural 
sciences, contemplated its ultimate extension to all 
branches of knowledge alike. The few passages which 
seem to point in the opposite direction are, doubtless, 
ironical, and refer, not to science, or knowledge in the 
true sense, at all, but to rhetoric and disputation. 

The last chapter of the book is on Bacon as a writer. 
Here the author is thoroughly at home, and the striking 


and suggestive remarks which he makes on this topic 
only cause us to regret that there are not more of them. 
Take, for instance, the following just and forcible sen¬ 
tences on Bacon’s English composition :—“ His manner 
of writing depends, not on a style, or a studied or 
acquired habit, but on the nature of the task which he 
has in hand. Everywhere his matter is close to his 
words, and governs, dominates, informs his words. No 
.one in England before had so much as he had the power 
to say what he wanted to say, and exactly as he wanted 
to say it. No one was so little at the mercy of conven¬ 
tional language or customary rhetoric, except when he 
persuaded himself that he had to submit to those 
necessities of flattery, which cost him at last so dear.” 

T. Fowler. 


KARYOKINESIS. 

Ueber Kern - und Zelltheilung im Pflamenreiche, nebst 
einem Anhang iiber Befruchtung. Von E. Strasburger, 
o. o. Professor der Botanik an der Universitat Bonn. 
Mit drei lithographischen Tafeln. (Jena: Gustav 
Fischer, 1888). 

ROF. STRASBURGER intends this volume to 
constitute only the first of a new series of con¬ 
tributions to our knowledge of vegetable histology. In 
these 258 pages the phenomena attending indirect or 
mitotic nuclear division, and the earlier stages in the 
formation of the cell-membrane, are entered on in detail. 
During the four years which have elapsed since the 
appearance of the author’s last contribution to this subject 
(“ Die Controversen,” &c.) numerous memoirs have been 
published relating to the nucleus and its division. Prof. 
Strasburger not only contributes a vast number of new 
facts, but also reviews the whole nuclear question in a 
masterly fashion, so that the work may be regarded as a 
critical text-book of our present knowledge of the subject. 
It will be seen from what follows, that, although many of 
his former conceptions have been confirmed, there still 
remain points which are doubtful, and some positions 
formerly held by him which are now abandoned. 

The book commences with a long account of a renewed 
investigation of the nuclear processes in Spirogyra, the 
research in question being carried out on a new species, 
S. polyteeniata , which presented many facilities for the 
purpose. This account is full of interest, but difficult to 
do justice to here, without figures. During the early stages 
of division, whilst the nuclear fibrils are making their way 
to the equatorial plane and the nucleolus undergoing 
solution, but before the breaking down of the nuclear 
wall, a mass of cytoplasm is formed on the two faces of 
the nucleus which are directed towards the end-walls of 
the cell, and in these a striation becomes apparent, repre¬ 
senting the commencement of the spindle. Soon the 
nuclear wall becomes indistinct where the striation abuts 
upon it, and spindle-filaments appear within the nucleus ; 
these form an undoubted continuation of those which 
appeared outside. There would appear to be no ground 
for supposing these later-appearing filaments of the spindle 
to have an origin differing from those which appeared 
first of all, but rather they are their direct continuation, 
and due to the intrusion of cytoplasm into the nucleus. 
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It is the view of the author that in this, and in all other 
cases, the spindle has a cytoplasmic origin, and this is in 
agreement with his former tenets. The occurrence of an 
almost complete spindle within the nucleus in ..S'. nitida, 
before the break-down of the nuclear wall, is shown to be 
very probably due to the entrance of cytoplasm through 
a number of small pores ; since the wall, as seen in its 
polar aspect, shows a sieve-like dotting from which a 
perforation is inferred. The event in S. nitida differs 
thus only in degree from that in S.polytceniata. Through¬ 
out the whole process of division the nucleus is enclosed 
in a cytoplasmic mantle or pocket, which is suspended 
freely in the cell-lumen by delicate protoplasmic filaments. 
As the two halves of the nuclear plate separate, a cavity 
is formed—at first traversed by the uniting-filaments 
(Verbindungsfaden) —which increases in size by a con¬ 
tinuous absorption of fluid through its wall, and is 
regarded by the author as a mechanism by means of 
which the two young daughter-nuclei are driven apart. 
For further details the reader is referred to the original, 
and to the figures on Plate I. 

We pass on now' to the typical events in the nucleus of 
higher plants. In the “ resting nucleus ” (used in the 
conventional sense only, in contradistinction to “ dividing 
nucleus”) there exists a definite, limiting layer, the 
nuclear w'all, which consists undoubtedly of cytoplasm. 
The nuclear reticulum consists of a number of fibrils so 
interwoven that it is difficult to say whether they have 
fused into a genuine network, or really retain them indi¬ 
viduality, and are simply in contact with one another. 
The author is distinctly of the opinion that the latter is 
the case, and that after a division the nuclear segments or 
fibrils remain separate, never losing their individuality. 
The probability of this view is greatly increased by the 
constancy in number of these fibrils as shown especially 
by investigation of division-stages of pollen-mother-cells 
in Liliaceas. The number of segments is very commonly 
sixteen, the relatively high number obtaining in developing 
endosperm-cells being due to the fusion of the two nuclei, 
which gave rise to the secondary nucleus of the embryo-sac. 
Thus, in. the endosperm of Lilium Martagon , Guignard 
found twenty-four or more segments, though but twelve 
or sixteen in the daughter-nuclei of the primary embryo- 
sac nucleus. Although information on this head is 
limited, it has been shown that where a sudden con¬ 
siderable increase in the number of segments has been 
observed there has been a previous fusion of nuclei, as 
often occurs in the young endosperm cells of Corydalis 
pallida. A slight increase, however, may often be due to 
better nutrition. Absolute constancy in number of seg¬ 
ments is only met with in the case of generative nuclei, 
so far as investigation as yet shows. 

Lying between the fibrils, and adhering to them, are one 
or two nucleoli. Bathing the fibrils and nucleoli is the 
nuclear sap, which at this period is not stainable. The 
fibrils consist of a non-staining substance, the nucleo- 
hyaloplasm, in which are embedded a number of irregular, 
strongly-staining granules, the chromatin-granules. The 
author prefers to speak of the nucleo-hyaloplasm, with 
Schwarz, as Linin. The name nucleo-microsomata for 
these chromatin-granules is here definitely abandoned 
as there exists no true parallel between them and the 
microsomata of the cell-protoplasm. In the resting 


vegetable nucleus Prof. Strasburger finds no trace of the 
faintly staining “ bridges” described by Flemming and 
RabI as uniting the nuclear fibrils in the Salamander. 
When division is about to take place a shortening of the 
nuclear fibrils occurs, accompanied by a definite increase 
in thickness. The chromatin-granules at the same time 
run together into plates, separated from one another by 
linin (nucleo-hyaloplasm). These plates of chromatin 
grow at the expense of the linin. The fact, that this 
takes place in Fritillaria before the disappearance of 
the nucleoli, precludes the possibility that the chromatin 
grows at the expense of the nucleoli. It is probable that 
this equal distribution of substance in the nuclear fibrils 
insures completely similar products when the subsequent 
longitudinal fission takes place. 

The dividing nucleus now enters on the “ skein-phase,” 
and the arrangement of the fibril's may be seen with dis¬ 
tinctness. At this period in many nuclei—as, for instance, 
in the young endosperm of Frilillaria imperialis —the 
separate segments lie, for the most part, parallel, each 
segment being loop-shaped with legs of approximately 
equal length. The points of bending converge on one 
side of the nucleus—its polar side ; the free ends terminate 
towards the antipolar side. The polar side of the nucleus 
would appear to bear a definite relation to the point of 
convergence of the daughter-segments of the previous 
division, and generally the line joining the polar and anti¬ 
polar sides will cut the nuclear plate at right angles. It 
is during this stage that the nucleoli disappear. Hitherto 
they have occupied an eccentric position, lying it would 
seem towards the polar side—this being the region least 
occupied by nuclear fibrils. As the nucleoli disappear, the 
nuclear sap becomes capable of staining, and the inference 
is that this is due to the presence in the sap of the dissolved 
nucleolar matter. The author regards it as improbable that 
the nucleoli go to nourish the nuclear fibrils. The structures 
to which Prof. Strasburger formerly gave the name of 
paranucleoli, he now acknowledges to be simply nucleoli 
late in disappearing, so that all the theoretical deductions 
based on the appearance of those structures, by the author 
and others, fall to the ground. 

The nuclear membrane now breaks down, the segments 
place themselves in the equatorial plane forming the 
nuclear plate, and the spindle makes its appearance. The 
author at great length details the evidence in favour of 
the cytoplasmic origin of this structure, but into this we 
cannct enter here. The poles of the spindle are determined 
before the solution of the nuclear wall, but they do not 
influence the nuclear fibrils in their transpositions before 
the breaking down of the wall. It must not, however, be 
concluded from this that the changes within the nucleus 
are entirely independent of the cytoplasm until the end of 
the skein-phase. The division of nuclei within the embryo- 
sac, which is almost simultaneous, would negative such a 
view. The cytoplasm does not exert any directive in¬ 
fluence on the fibrils until the breaking down of the wall. 
The fibrils now depend for support on the filaments of 
the spindle, and these are generally equal in number to 
the segments—one to each, or, after the fission of the 
segments, one to each segment-pair. The completion of 
transposition and the separation of the segment halves are 
carried out under the influence of the spindle, a certain 
directive action of the poles being exerted ; the segments 
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themselves are not passive, but possess a movement of 
their own held in control by polar influences. 

For details relating to the complicated transpositions of 
the fibrils, their longitudinal fission, and subsequent sepa¬ 
ration, the reader is referred to Chapters VII. and VIII. 

The two groups of daughter-segments separate, the 
segments travelling along the filaments of the spindle. 
Prof. Slrasburger considers the hypothesis that the travel¬ 
ling is due to streaming of the protoplasm improbable, as 
this would involve the running of two opposite currents 
in each spindle-filament. Further, no streaming, either in 
or on the filaments, has been observed in the living, divid¬ 
ing nucleus. The fibrils themselves probably possess a 
capacity for movement, using the spindle-filaments only 
as supports. What stimulus the segments may receive 
from the poles is difficult to say—perhaps one similar to 
the chemical stimulus which causes directive movements 
in Bacteria, Plasmodia, &c. As the groups of daughter- 
segments move apart, the spindle-filaments, which are 
continuous from pole to poie, on the view of Strasburger, 
are seen stretching over the interval. These constitute 
the primary uniting-filaments, and there is some diversity 
of opinion as to their origin. Soon, more cytoplasm makes 
its way into the equatorial region, and a great increase in 
the number of the filaments takes place. These additional, 
or secondary, uniting-filaments are formed from this in¬ 
trusive cytoplasm, and not by multiplication of the primary 
ones. 

The nuclear sap, and dissolved nucleoli, lie between 
the uniting-filaments ; and even after the collection toge¬ 
ther of the daughter-segments to form the daughter-nuclei, 
there remains a considerable residuum of stainable nuclear 
sap which makes its way to the equatorial region of the 
spindle and appears to play a most important part. 

At this moment a small bead-like thickening appears 
on each uniting-filament—both primary and secondary— 
in the equatorial plane, and it is by the fusion of all these 
thickenings that the cell-plate or primitive cell-membrane 
arises. Throughout, Prof. Strasburger speaks of this 
occurrence with the greatest confidence, in opposition to 
the view of Zacliarias and Flemming. These swellings 
which constitute the elements of the cell-plate, are spoken 
of as dermatosmnata , although the same word has been 
recently used by Weisner with another significance. Fresh 
uniting-filaments continue to arise at the periphery of the 
young cell-plate, each bearing a local swelling ( dermato- 
some), and in this manner the cell-plate is completed. 

In cases of free-rell-formation a temporary cell-plate ap¬ 
pears, but is not completed, and subsequently disappears. 

It is at this stage that Prof. Strasburger attaches great 
importance to the part played by the stainable nuclear 
sap. As above mentioned, a portion of this has collected 
in the equatorial region, and everywhere bathes the 
dermatosomata. At the same time a demonstrable 
change takes place in their constitution ; the dermato¬ 
somata offer a greater resistance to such a reagent 
as eau-de-javelle, and show an increased refrangibiiity. 
In other words, the cell-plate has been converted into the 
first layer of the new cell-wall. These changes are traced 
to the stainable nuclear sap which is present. A direct 
proof of this is very difficult, but the hypothesis is a most 
taking one ; accounting, as it does, for a number of 
phenomena which have long baffled explanation ; and it 


possesses also the added charm of simplicity. The chief 
objection to this theory is the difficulty in imagining the 
continued presence of the nuclear sap in regions where 
the cell-wall is undergoing a thickening ; for will not the 
process of conversion throughout be identical, whether it 
be primary or secondary layers that are being formed ? 
Perhaps in a future contribution this will be explained ; 
but for the present this hypothesis must remain a hypo¬ 
thesis, and will—be it hoped—stimulate investigation 
into a matter on which more light is much needed. 

As the daughter-nuclei are formed, a considerable 
portion of the nuclear sap is taken in, and lies, in the 
first instance, on the antipolar side of the nucleus, where in 
some few cases (embryo-sac of Hyacinthus arientalis ) the 
nucleoli appear, and the sap loses its staining property. 
In the majority of cases the nucleoli, as stated above, 
appear towards the polar side. 

In a chapter dealing with the function of the nucleus 
the view is put forward that it has the same relation to 
starch-formation as very probably exists between it and 
the development of cell-membrane. The fact that Klebs 
found, in plasmolyzed filaments of Spirogym, a formation 
of starch occurring in masses of protoplasm destitute of 
a nucleus, Prof. Strasburger considers due to the fact 
that the pyrenoids physiologically replace the nucleus in 
this connection. This finds support in the fact that in 
plasmolyzed cells of Funaria the chlorophyll-corpuscles in 
fragments of cells without a nucleus are unable to form 
starch. 

The book concludes with a chapter on fertilization, in 
which controversial matters are discussed. The author 
adheres to his former view that in higher plants fertilization 
consists of the fusion of an equal number of nuclear 
segments, as also of the nuclear sap of the two conjugat¬ 
ing nuclei. He finds no evidence for the view of 
Zacharias that the male and female nuclei differ 
essentially in any way. 

It is impossible here to do full justice to this remarkable 
book, and there are many matters traversed in it to which 
we have not even alluded. Thus, the detailed comparison 
drawn between the vegetable and the animal nucleus. It 
seems that the differences in this respect occurring be¬ 
tween lower and higher plants find their parallel in com¬ 
parable differences in more lowly and more highly 
organized animals. 

A careful perusal of the original will repay t-he labour 
so expended, and the style and arrangement of the subject- 
matter are such as to make us unwillingly lay it aside. 
Perhaps some idea of the pace at which knowledge in 
minute cell-histology has progressed may be obtained 
when we remember that only seventeen years ago a 
botanist, who now stands in the foremost rank of plant- 
histologists, was prepared to maintain as a thesis, and to 
dispute with all comers, “ that in the vegetable kingdom 
nuclear division does not occur/’ F. W. O. 


OUR BOOK SHELF. 

Chambers's Ency.lofcedia j a Dictionary of Useful 
Knowledge. New Edition. Vol. II. (London and 
Edinburgh : W. and R. Chambers, 1888.) 

The second volume of the new edition of “ Chambers’s 
Encyclopaedia,” which extends from “ Beaugcncy ” to 
“ Cataract,” maintains the high standard set by the 
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